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m 1® m 

[oooi] *§shji» x mm mmmmmz%?z*m&%imRzf*<Dmmx ft c.M~?**><r> 

T'&tKftlZ. M&m < D RZf Mm mfe^*mm-?%MOSFET (M Q t a l Oxide Se 
miconductor Field Effect Transistor) £ H^So 

[0002] ^>z/*5i<r>WM<etf&t}CMOS (Complementary MoS : JIMSMOS)^ 

'J- ^11 *« m & & « m * nx 
[ooo3] *$gi,y- km c« ^^ t ^»,^i^ii< a i<B%t\»v'^-i' w 
®trtkm*ftT[,\ztr s i\-?ft<Dtt®*m cfc^*,, nmmosfets. 

O^PMMOSFETro l,g\,\mm!E (Vth) SUZJfcfil iCiSSTacfctf-prigT-fc w*i 

[00M] CMOSFETtC^3t^7 Q SeVttT©l*tt*'ffi(Vth)**»T*fc«bG:B\ 
NMMOSFETT- » » tt* llgfc #■ v > (Si) ros «, ^ V 7* (4 . 6 eV) «. T . M $ 
U< » , 4 . 4 eV« T ro#3ft £ v P MMOSFETT- tt , it m mtl if S i <Z)£ ? r*? *v7* ( 
4. 6eV)&±, M$U<»,4. 8eV«.Jiro#^«y-Sm®tZffl l,\*i&£;Sr**. 

[0005] z.<nTz#>. P*%tfc^Slfe«i#^t^Sro^:M^s^»«^*NMMOSFET, P 
MMOSFETroy — Km® C*-*l**Ufc IffcCfcCfc^ CMOSFETro UT^fit 

mffi(vth)£$y®^g>;£>i*rg^£tiTtv&o cro<K^^Stt, -s&c, t^tju 
[ooos] fllfctf^fcttAttiCB, =gHfc^3>(SiO a )JiCE/»Ufc*>*j|,(Ta)fcJ|, 

^-OAO^^roftSH^B^tl^tM . 15eVt4. 95eVT'&»\ Cro^^ro^M^ 



WO 2006/001271 2 PCT/JP2005/011331 

[0007] ^t,poly-SiM«- «A;u(Ni)> /\7-0A(Hf). 2>7*t>(W) *ZT'% 
[0008] 0iJ*tf,#^fF^i)i2RM4$fFXi)t3lZ^*nTt^CMoS^>v7.^<DB9i® 
[0009] gHlz^TCMos K ^>^^»^ 5/'^>S«lt, v'J=i>S«lU:JB/££ti£S 

FETt^Jg^*+lT^\«.oNMMOSFETZiC>*PMMOSFET», ^tl^tl, 

□ >s« i ± c jb j£ * *i km mm mm m t , ? - hu m 7 0 h c 33 v >s 
[0010] y - h& mm 3 » =gnt v •>•□ > (siO z ) # s& * 0 nmmosfetg? v - mm 2 3 

» > # 'J v > (Ni) C V 'J+t -< K« U * 6 C > T ffi 4® t UT 'J > (P) 

tf&AStlfcNiv'J+f-l' KNiSi)^6^*» St. PMMOSFETO-y- sm®24 » v 
* 'Jv'^ >€~ «^rju (Ni) T-^± IZv'J+H- H« U * *tt4» tUT*0* (B) 

[0011] za>***?-mmm3RZf?-mm23, 24€ffl^v&Z:fclZd;^y-hM<7> 

[0012] ftXMiz&.r-mmmti'TSiONzmvfcms.r-mmiii'Tftm 
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[0013] 02 tt^fFXSKlCIEa^ntcMos^^^^^BSr^S^*" 

[ooh] 02 tc^TcMos ^>y^5(B, v'JDVIISlt, v'J=i>S«il CJB/£S*U « 

im t> y- NS1IM29 oil fflic^t^v'JD>««iiroas c^m*nfcv'^-r MS 

[ 001 5 ] NlMo sFET <7>y — KM » 2 V^T^ >H 2 7 t * * 2 >7 7.7^ > v -f 

HE 2 5 fc# 6fc U s P IMo S FET <D ? — K«S » 5? >$f*y >JBt 2 6 t * ft £S * * > 

[OOie] £<7><J^lZ, 02 IC^TcMoS ^>V7>$iCd3^T«, ?— mm<Dti$MZZ><? 

NMMosFET&tfp SMosFET© Le^HE (Vth) fcft IC, 

[0017] -r^t>s, 2>?*T>mztz&*>7*T> •zs'j-V'f m*±m <zi&mu 

M£*£*sL£&, PiMosFETl MO)* >^y>«± il, «%^B>NlM 
OSFET^J^<75$J>^7.7 i >-V l ^-< ^±<7)$r>^^>M«^±-r%. 

7 1 >M t * i+T , NlMo S FETH it tP IMo S FET^ flfi >?*y > • v 
^fFi®ti:4$H2 OQs -25812 mtem 
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*iV iT. ^(International electron devices meeting technical digest)2 00 
2 ,p. 359 

-f iT. ^(International electron devices meeting technical digest)2 00 

2 .p. 247 

#4$f*F:St&3 : -<>:£— )\, 'X U?HD>"7*A-f;*. *s— ^-f>^ '^-^l^ 
•fS' I* ^(International electron devices meeting technical digest) 2 00 

3 ,p. 315 

[oois] UfLfctfS. ±IB<&&ffilz»^ft^;h&T<D* 5 fcM£##£-r*o 
[ 0019] Mfcatt^ H3& *i# otllroil *fc Sfr w# 1**7* jxTJMSUuy- s 
&(»I5 » , PMMOSFET tNMMOSFETOT HZSfrO)?— h± CJttS * tl fcS £x 

>^ T*r # s t-$% , x ^ ><? <n m tzy - re mm o sss « 
% * tt x u* * t * ^ <7> 4$ 1* m 1* *" a * *> ti % n ^> * a * . 

[oo2o] =FM^^r K-7*ftfc5^^ WttTl4^\ME(Vth)^»T*tt« 

[0021] y-K«S^isiWisi 2 fcW«5!r»*cfcC*oTtt*Ha*«a*tt*ftfl!rB 

is m # mm t-<&% ti ^ his a t , & a t***s «o i t?k « T% * 5 c , y - n& *§§i 

UTSSI myitis W#<Dtt*H»G>S*0. leVttT^ 

w v m m & m * w %i * ti x u* 9 ti ra ■ * s* l-t t ^ . 
[0022] * s c % w=> 'j+r << mrntf. it * ttxy - mm <ni± m n& w 

[oo23] ^twv'^i' MrojisM it ttt * is& >j=T*m% tz«* t * , mm it t5 -r 
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f&mm £ / f—y>mmt<Dffl<j>&mT-w\#frtr±\jz>iBifr*,39Zo 
* os! it is & c t « s & t-r* . 

[0026] ±e» Btt«**T*fc*,*»«HU 5/'J=i>S*t, MiBv'JD>S«±t:jg 

ley- srn® ttMisy- H&feast wm* * mxsi ( o< x 

1— X 

* 6 c v p^-^ju ± ro-y — mm c-t mib^jbmo v -r wcfc » x 

c 002 7] $immmm&imm\*m&izttzrfr£trzkAm?i^ \ 

[0028] MiB¥»frSS». »IBK»Mlft»«fc«HBy-l-«afc«>Mi=Hf*fc»zr 

[ 002 9] mis ar m^sfe^M » v «y * tf , v >m < a m t, u< » v •-»□ >m s * , Hft. 
[ 003 0] wiffc&nnmmimMftHisiON^ttzbtfifr&u \ 

[0032] m&nmmmi&®tfR&*wz.&. ^'Juym^m^^^'^ymm^m^.tifsi 

[0033] m&±mM&.V'Jy4\*7nii7.tf^MT-&z5/ , JV4ttB&lM*-£mT-&z 
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[0CB4] MfB^MMtLT»,0lJ^t#. -yrjl,(Ni)®M^T-5>^^T'€*o 

[oo35] m&&mMtr-^)\,(Ni)T'&z^ , ->V'( m>$. ms&?-H&mmizm-?*m 

ij&0Mflj£tfNixSi (0<x<l)T-a*n%tS,p5 1 i'^ > )l / ±05'y— MSCt^tl 

1 —x 

^£*U> If IB v KlZfc ^Ttto < x = 0. 5-e$>?>CtdW*bV % 
[0036] p^^-htf)?- ^S® C^£*U>M IB v '-»+>- K?r, 4>fc<fcfcfriay- H&m 

3 

2 

[0037] *$£hji» v *6C, v'^>«15fc, mfiBv'^>S«±t:^stity-^^t 

3 

[oo38] mBr-H&mm^^mm^^m^'Jv-K^mm^^^^m^^ 

[0039] ^r|Ei«^W^J^ttHf*fcf*Zr^tf-i^^UV^ 

[ocHo] mm^mte&m&.m&nmmmmmmtmmr-mmtomizHfzti&ZT 

[owi] m ia mm mmm mm n .m * & * v ^ >m <°m u< » v ■>»□ t . Hf& 

[ oc42] ifi&mm mmt& urn »Hf sion ^ & ^ \,\ % 

[0043] MIB¥»#^@», MlB^m^S§^tMiBr-^m@i:<7)H(CHfSiONli« 

[ 0CM4] b5 IB %m lltt iS§J8i » ,00 * tf , i> >I8 * D ffii U< V 'JD >16 £l*k Jg HfSi 

[0045] MlB-y-^SSl*, PMMOSFETlZffl 1^6*1* Cfc*f# £LV \> 

[owe] *§Shj& v MiBy-N&^Mitl^^fiav'^XPoly-SDSiESU t([ 
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UA^tiISM^Wt:i#>^ll4t5iS^ s<ria£JIMa>l8tJP 
Lfc«Cl!riBy-t4ftli«Cftr*««a)liril<rMxSi (0. 5<x<l) fcfc*** 

1— X 

o 

T> MiB-y- l-mS^tt^Niv'J+rf KNisi) ^Igt, K^Lft^-afc 
=?9VI,«94Rtt(ZXy?>?Nt±? *Xigfc x )im<DKB*sP 
f^SfiCauTB^ ^JBfiav'J=i>fc= y^fctf&jS btv'^'f Kb Ufc 
^Ci!TEy-Hftl»ffll ^NixSi^CO. 6H x <l)t^J;^I 

Jit 1 1 U nf 1 M ?±- C *3 « » $tt S3 v '>»□ > t- ytr i: £. Jfc UT v 'J 
It-r^Ufc^ClJIBy-HftliK tS-r*««0)!ifi^« f NixSi i _ x (0<xH Q 5) 

o 

[0048] *»wb, *6c, m&?-mmm±iz&m5h5''<>z\>&mmu mie^&ssv'j 

)IS€^/ST%xgfc v UEy-MSaffME^yUi S&MJI "Tactic*-? 
T\ MIE?- KmS±*«Niv'J-9-'f l<(Nisi) t"T*Xig t x K^Ufctf ofc 

-^^-Jl^SM^MlCi^^l^i-rsXigi:, MlB-^-7-JuM^iaiiS.p 
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m ft t tj * m tz tr * ^ t & -r * ±« <d ¥ $ its b ©i? it a « 
nft-r*. 

[0049] fllxfcf, BfriB-^^uMrojgJlTNitBjiB^)!egav , Jzi><7)mJlTSit<7)ik^rNi 

3 

[0050] ^Atf.MlB^^^mroigpTNifctiJE^rHV'^VOmJPTSitWJtSO. 5 
5HTNi/TSi= 0. 95t-r%CttZ<fe*\NisiW«^^ t L'T^€jMlB'y-^m® 

[oosi] mm^y^jimnmBTNitmm&m&ss'JiiynmBT&tcDikzo. 2 

8=TNi/TSi= 0. 54 tU v'^-T &ft<Z)MteMft«SEEe65 «J5l 

2 

[0052] ariB*BM*tl*aiB=«s/<rA««*«-r*XfiH:, «*tf»n*"V*j|,**±fc 

[0053] MlBffii* RfcitJS »MIB^BM<7) v'^-T KCS* UTillR M C ly^>^T«**flJ 

[ 0054] tfffBa*l»lkS «TiN**:HrraNS:^6^i-5^i:3&s»*U \ 

[0055] WIBS^-r^ttiMaaiMB:. MB¥«tt^B<&&i*JS3>2?NS&U:jg/£ 

[0056] *s&f£«, zsiz.Mu?-mBm±£* , j^ , ^>*&mutis&*'<>5' , Jn>z 
n m o <j>? - mm c ad it *> is t , m & ? - mm ± c=* * ju (Ni) m « 

^€l«»tI#>^*t*Ht, ttK=y^-jm»ilJ»TNifc»IB 

'J v ><7>m JPTSi t # TNi/TSi = 1.6 O^fc * t * W« ^t%> ±34 <& ¥ 
»tt S B <7>§3! it * ^ SIS ft "T *. 
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Coos?] fcas^EaSCfct^ m«* j (High-k)fctt, Httcy-^lft»Kfcl*■ 
ft * ft sm u stir * (sio) trstzzmmm* kbo t ti&izmv 

2 

[0058] *&w<z*n&. v- mmz^'j-v* Kr-jBj£-r%£fcic<MJ. ?— mross 
x- Bit tix \,\ t ? - m mm ± c as it* «« ©tt m m& t * 

ISA <7> v •< ram *JB *8 w v £• T A <<* CiS Ufc US iMl SJE (Vth) 

ttt*3.*Z.£if Wig C&*„ 
[0059] *©«u v'J+M ^H^Bv'^'f HS«^-r*M^SSffl IC^oTIEI^ 

[0060] *fc,*§6 0J?lz&*¥*{*^@<&Si!ig;£&tt, y-HSfe^M±tZpoly-Sim®« 

ufc* ess, uti€iit*xgs^L.Tt^^tfcc, ?-mmm<nm. 

[0061] [@l]m-<75fi£3fc0fl<7)CMOSFET<75B9r® ST*35*>. 

[ S2]H - <7)&3fc 0*ik^^iJ2 (DCMOSFETO HJr® HT'ife*. 

[ 03]##fe h 0>n - ommm c« *>cmosfet<t> wis 0T'$s. 

[ S4]*#s $ rosi -<r>mmm <zm ^cmosfe-t^s? <z& n t 

CMOSFETOEBr® 0T'»5. 

[ 05]*§S $ (7)^ Cft SCMOSFET C£ Ni v'^-f K(7>=&li£ SSffl 
lC33tt2>Xi&§ lal^f &RD)&tf7-if7*- K»3&»a(RBS)a>Sifi|g***-r»JB 
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T?fc*HfSiONK*»ffl U£CMOSFETC33tt%?-Ngm(C) 

t?— mm (v) to $m z& Lt^77T$%, 

i/ (Ni+ Si) troMi^ UtST*35%o 

91 T- 3* >i?7, \J2 \j\m IE 0)46 m £^ \Jk9"9 7T-3>*> „ 
[H«]*-fl)»ffilc:« oT^^!*titNiv , J+)-^Ky-sm@€#'r*NMMoSF 
ETC&tt« FisO+mo? — K«ffittfrtt«;5*-3"^7T?a&*. 
[ m i o]!! -<DJI«60iJ C« oTf^gg *tt£NMMosFET Cfc tt«t^B< 
1^ ©SIS Hi ?f 7f$%. 

[ B i i]*9t H 0)1 -roUSS 0!l (z* *c MOSFET C*f ia>mw ST-fc* 

o 

[Bi2]tt««lt:j3lt*PfflMOSFET©y— K#*(C) Kffi (V)<fc14T*& 

[Bi3]PMRCfNMMOSFETfl)C-V4$tt^S»fcsiO J*±a)NiSi*a0)tt<l 
H»ROTfSiON«±fl)NisiM«>tt*IB*<0^«1» K-X*tt#ttS*T*? 

[0062] 1 v 

2 ft?£HMt 

3 y-HSii 

4 #>J$,'Jn>m 

5 v'J=i>g?* D JK 

7 y-HMM 

8 V-7>/hU'T>S£ifcJS 
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9 

1 0 v'J+J-'T MS 

nn mmmmm 

12 ni&mm 

13 StSfcGSitJg 

14 f2ill 

i9. 2 o ?—mm 

18 HfSioNM 

Coosa] *&w&.MosFET<Dn&m<e£&m£Zft%>mmmm?-wi&mm*m{,\fii 
m-s tz, NaMosFETo-y- sm® u:v > (Si) <dsi m tr m ^'jv-^ mn*. 

[0054] d<om^» s HfSiONM±lCpoly-SiS@«^^ Ufc C£ U*2>M7:iJl,= U 

[oo5s] -r^^s.siss^^^v'^'rHsss^ijx.ar, mm mmmmm^r<Dn fsi 

O NJS ± CJfcJ* fc> v'J+t < K^ a M <7)poly- Si/HfSiON^ ® T'£. U% 7 

[0056] ZSiZ^&WlZ&lsT&.i&J&T-poly-SiZ^fZ^'JVJ ^t^>Z^T'S%> 
[0067] poly-Si £v'>*>r ^-TsaStt, V-7. • KU'OffilftJS 0>I]>2? 
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[0068] £SIC,#§S«EIC33^T». cwag^Htc^^siross^s^ienaffl^g 
[0059] co^^^M^ffl t^poiy-Sim^^v'J-t-r K^T^c^c*^ ihS^MC 
wage**, 

[007 0] «±J;y»5'y^KC^»**«MfcUTC*Z^| / (Ni)tf»ji-e**.Ni«ffl^ 
* Cfc Ccfc ^4 5 tfCi* "F»T - — Jl «HS£ CfclC* » s poly-Si £3S±: C^W-r 

i*k** ct^r * sc, Ni<D«^m «k ** t* »t« Ad c<sg saffi (om. 

[007 1] Niv'J+M H(Di&&j£», BlTaZB UtlA#fi, <J>*<tfeHfSioNJl tZ^-T^ltO 
ffl*#Nixsi ( 0<x<l) T-a^tl^tS.PMMoSFETWy- KS® Cffl t**N 
iv'J-t-f KT*»0. 6 Hx<17»ft»i, ^o.NMM0SFET(D-y— safiitlfflt^Niv 
'-'■t-fHT-tto < x = Q sTS*ctira*Utv 

[0072] *6CSi^U<«,HfSioNjS C^"r%^it<7)Si^79 r NixSi i i ( 0<x<l)T*a* 
tl*t€T, PMMOSFETOy— KmffitCffl ^fcNiv'J-tf-f KT'BO. 6<x<0. 8T'$ 
#0- NMM0SFET<7)y- KM (Zffl t^Niv'J^-T ST'ttO. 3 <x<o. 5 5T 
Sj^Cfctfil^U^o £*l».Nia>^Sa*g», ^tUT.NiSi ,Nici. Ni Si . Ni Si. 

2 3 2 2 

Ni siC#«**l, ill c*«, c*is©»£1i*}Bj*?*iifc« r pTilT-^**6T* 

3 

[0073] *6lZ x saflfcLrTB.HfSiONJVilST^fittOlBA^rNixsi ( 0<x<l) 

1— X 

T*a*tl ; S>t^.PMMOSFET<7)y-Km«i(Zffl^*Niv l >'- | t'r KT'ttO. 7 <x<o. 
8T'$^ tf^NfflMOSFET©?— KMCffl^*Ni5' , >tf-r KT*»0. 4 5 <x<o 
. 55T*3?*Ci:#-ii^Ut\o 1"^^S>PMMOSFET<7>-y— hMC**tl*5' l .'-0' 
-T KdTNi S 5;}- 1 UT* NMMOSFET<75-y- KM V'>»M 

K^NiSiffl # t LT* Zfctf SB $ 
[0074] ±B©**K1, V— X/hU'l'>4£i(ewzi>^^H^jtt:7B^*tlTt\*^rMv l > , -9- 
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t'v 1 ^ > (si) <7>m # n ^ s« t&ji ros s * n v& saffl <& ps^ ^r* c 

) . a^(Pt), □AJUKCo) , ?"$>(Ti), /\7-0A(Hf), AtvOA(V)> IlAjU 
[0075] SSC. *HBElCfct^»> ^-^®<^/£»MxSi (0<x<l)T-a*tl%^ 

1— X 

T-»x= 0. 5tt%. 

[0076] cro^'^f^ltt^Iv'JIt^ l<£ffl^%CfclI<M^&3fcffl^\6nTSfcpoly 

[ 007 7] (i ) tt 315 © v y-y- -r h«s t- t*tt wr o ff R mm ? - ^js ± c tt*-tt * gg 

[0078] (2) v'^-f K&j«*5''>*-r W)tl«T«»ttut<rWiWW, #-3* v'J+l- 
-f Hro&saffl »poly-Si± (ciSST^SMOMJl C*»i«#T*cfc3ar RTi|-e« 

[ 0079] (3) Vyf-*5' , J*M ^* C* « % tt» IS8fc <D£lB « V UD>©4v 
[ 008 0] (4 ) £ M 'J v -f HSffl ^•^>^ t t«^;^^•^£SWv , >'+7■-f^<•< t r□■tIX«fflt^ ; 5' 

[0081] (5)y-NmS<75^SS«^«E*%^^#^^t*^*^* 5 ^-^^M± 
C*t a Ufcffit «X #>'?i4t%ISBfe»^lT'»«:< > I ><f *f 

[0082] (6) y^Y^lgT-t'^^ Synt^Sffl ^^^T*^> 7-Kmffi0)flM» 
HI* fa 

[0083] fcfc, -h|B05UiaflT-», ?-NTO<D^j£^Sffi<D^£;frfa(D#^lC^\T» 
IS UT^&U* » MOSFETO US{,\mME. (Vth) n&mm tttitzm-?* 
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[0084] j^T, HiB*#JWLT»*»Wfl)ieilS«!*SiWT*. 
HMJ i 

[0085] 03 »,*f6^<7)^-O)||Jfi0!l(Z^%CMOSFET<7>B§T®ElT'a5%. 

[0086] 2js||«5^!lU:^*CMOSFET»V , ^>a«l«{ix.Ta kj > COv'JzOg^SKTm 

%>M3-Bl&m%t iZ^S^v NMMOSFETtpMMosFETt^f^tl^tlJB^^tlT 

[0087] NMMosFETtt, y'-'3>S«il±U:JB^*tlfcy-H|fei|&JKtUT<D=ift^v , J 
□ > (SiO ) M 3 t , s i0 2 ® 3 ± (Zjg/£ £ ft fcHfSioN/S 1 8 t. % HfSiON® 1 8 -h iZjg 
^*tlty-Km@l9 €f|*T^%. NMMOSFETlZ^t-t^y-SmSlEttNi 
xSi ( 0<x= 0. 5) T-Jg^*tlT^*o 

1— X 

[0088] pMmosfet», 5'y3>Mi±craj**ttfc=BHfc5' , J=i>sio J§3 t v sio 

2 2 

Jg 3 ± CJg j?g S ft fcHfSiQNJg 1 8 HfSiON® 1 8 -t 1ZBl& * ft£7 — K«2 Ot 
, SIlx.T^oPMMOSFETlZ^lt*^— Km® 2 OttNixSi (0. 6H X <1)T' 

1— X 

JB^*ftTU%o 

[0089] ^^T^^'lZ.NMMOSFETRofPMMOSFETlC^^^HfSiONiSl 

8 u& jb^ -?*&m »fc 

[ 009 0] T C3* ttNMMOSFET tP MMOSFET tT'^M T'$>% tc *> , NiM 

O SFET CH UT <E "T^o 

[ oo? i] s io 2 Ji 3 % HfsioN js 1 8 s. of ? — mm 1 9 (DM m £ HA t- % v l Ji C 

. y-Km®i9xrSi±J"r%**t:, ®Hite^iiiixr^^ftT^«.o 
[0092] v'^VHSiroaiCB^ y-HilS7<D^HU:, v'-h*-<n§1 Oyjg^^ftT^ 
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[0093] g|4(a) 75S© »>2)tM«i0!llC^%CMOSFET<7)^!ii^^U:ait*#Xg«^ 
UtBSr®E!T-a5«)o (a) 75 S © £#J$ UT\ *HS60iJ C^*>CMOSFET 

s-l+SCfctf WilfcCMp (Chemical Mechanical Polishing)&fl5£ffl ^T,N 
MS. tfPMMOSFET^f!! T-So 
[0095] S4(a) (C^-T* 5 tv'JDVa^R 1 ©a S^i^tlSTI (Shallow Trench Is 

olation)&fl&£ffl ^T* : f»*M2*JB«Lfc. 

[oo96] m\,\T, $L3-i&mm2iz*vmm2tifcm*Bf&nm[*iiz&[,\T. ^'Jn>mm 
mm mmt&mm ^i^m^ n*. 

[ 0097] ft h|ft»lR3Sr«^t-5^«* s Hf *fcttZr-Cfc«r.i: W£LV \ Hf^Zr 

[0098] *61C, «R**lftliK*6**y-l-*afc«LTHf6U<»Zr*^€)«*^ 

•r«£tow*uv % y- t^is ten eg ?« sen mspn tc*y,Mos 

[0099] * 6 S U< » , V '->□ >I8 *°JBi U< » V mtm Cft X.THfSiONM s 

fSiONmi8»=tBSUt)o 
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[0100] Masegtc&iMTfcj:. v-mmmi *<r>Hfmmtr%i*x ftizft\,\Tm<*i>T& 
y-K*aty-nft»«3t<Dijiiiiftjttcj3tt*Hf«)»«« f «*,w<, v'^> 
mm t.y- ««3 t(D*a#is >&i*< D jgt <omm -axvtHfsio 

[01 0l] C(75^5^HfSioN|gl8€^%t*lC, 3^ 1 . 9nm<7>5>'^ >}&g?* D Jgi U 
£&,0. 5nm<7)Hf£P>^XO-7JXy2>£X-iti§US?S£ *T-JSft5 OQgX'lSK 
M^*T-S£68 00X3 0^<7)2®Pg^fea-r*CttZ<feU,Hf€T^«>v , J=l 
>S* + ^\ 1& * tt x HfSiOK £B J# Uto * , NH# ffl^ * C*3 *,\T 

Sft9 OOST'l 0»O^^KT--J| / S ; ('tt\HfSioNMl8€#to 

[OlCE] 55c: tZ. 7- H5fefciJS3_tlC.jp £4 fomtf^Jv'JziMPoly-Si))^ tJp£l5 Chm 

[01CB] C0)miSM«, 04(b) C^T** fZ s W?7 4-&ffiRZffc&tiL'<X>JLy1 L > 
•^(Reactive Ion Et c hing:RIE) &ti5 * — ^ffi4a CAOX U 

^T^^&A^TtV^-^^aS^T^fclX, X?^ >V3>i£ifc Jl ^££6 
£7 - MES4 a COJ-8 m IZ 3 BS^ & CJgj£ Ufc. 

[oia] S4(c) iz^-r^lz, v , ^>M^tv'>»i]>^<PK«jiiiji:itau 

& x X * C t oT „ y - mm 4 a GDil M ± 1Z? — HIS M 7 £tB J$ L£ 

o 

[oiQs] crott^T-SB'f^vtA^T^, ^>€S'l4^i+*t«)<DT=- > ii,«igT, 
[0105] S4(d)C^-r<fc^lZ > 7>/t^lZ*y,Jl*2(hm<7)^:MM9€±®lCii^L 

[0107] j»t^H4(e) izmt^(z^'j^^mm^ i Kf-mm9^-mm7R 

* C fc T € *NiX y 5> >T KNi si) t l/£ . Ni > 'J+J- -f ft *3 W ICC o v 'J* -< f*S> 
[0108] *SlC, 04 (I) lC^f<fc*lC, CVD (Chemical V a p 0 r D e p os ition) & IC<* -_»T 
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[0109] 25Ct^ ■MlftlWllM*CMpft«fC*oT, 04(g) TI«U * 

6 IC, JS HSft EH <7>i y5=7T y * «1 d t £<*. « % ? — hl!4 a <7> U v 'Jn >JK4 

[0110] /KC H4(h) tC^T* 5 lC v y-KmS4a(75* , Jv 1 JD>M4i:(Dv , J-9--<f<€fl5^« 
t±* S! 1 * JB ffll 1 2 S£ IB C«i« 

[oi 1 1] gl&JRJR12 S*tT£« fc*tf l -'v'-'=i>JBi4 fc^y-«t-r WcJg« nTlSB**JK» «fl*HT 
, Ni, Pt. Sf, V, Ti, Ta, W, Cc, Cr s Zr. Mo, Nb^^tl6<7)^^:<D + 
-r%dfc#-T-€r*>;*\ V-7. • Ku-<>i£ifcJS8 tCSE iC^j&stlTtv&v'J-tf-f Mil 0© 

[0112] £(DX@Cfclt*Ni#Sfcs3gl^Mm2<&MJit2fcLTB:, tH'^v'Jd >M4 tNi 

NixSi (0<xS 0. 5)t5%*5*If€liSt4. 
[0113] #$U<», 5/'>»-r l* a S««a)^y-9--rM««'Nisi**»L' < »Nisi 2 ffi*^»t 

S'ytf-f Wi<7)HfSiON±Ott^HSfe^4 . 475S4 . 5eVC^ST'^t»T'$%, 
* HJg 00 t:^ 12 ,0 1 £ JI ®| 1 2 t UT % DC ^ * H3 y*>£ 2 2n 

[0114] *SC»«l^BMl2tLTa>Ni«±C»Ni©llt«k*l»±-r*fc»0ll£1lkl»±»l 
3 CUMS Ufc. 

[0115] Jt«tl»Jl:J113fcl/Ctt» y-^'Jv'JD>^^lCv'J-y--r K«itEj**fc4t>©J»fe 
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[0116] S'ytf-rK'eufcMRffBraiftaMimc** uxffiU[te±Jsi3«M^M 

mm <Zft{,\TUi, &WLtt±mi3 tUT, Jkj£1t7.A C<*W V fl)tj?2 Gim<BTiN 

[0117] /fclZ, S4W UL^f**lZ v 'JV77 74-&ffiB.ZfRIE8.ffiZ%[,\T % PmMOSF 
ET««t:*tt*«l^«ffll(Niffll)12^a)TiNMl3a)**|*±Ufc. 

[0118] WitUfcS'ytf-f KlE&Jft£tt»*lMMl2fcMa>ft2*M14«± 

[0119] CWXgt:^lt2>||2^:MMl4tUT<7)NiMroKJltltUTB, i£ifclEitJ113 0) 
TO£MU£fitl£Mffii(NiJBt)0>l8iJptz fc£=bt±T, *'JvV D >M4tNit^+5d- 

(0. 5 <x<l) t*****itJ»tl€»ST*. 
[0120] #$U<», v'-'+t--<^ n S/S:«<7)v l J-9--<HS<7)y-hSfeiStM3 IZ^UT^^^W 
i&l/£tfNixSi (0. 6=x<l) tJS:%*^S:mJPtl«Ig^T*o N»^^Si 

1— X 

mm<D2fePA±T- fcfcNi v -C KBHfSiON ± <7>ft ^ ||& »4 . 6 e V & -t T* 
[0121] *sa?$U<», S'U-tf-T l* n &J&*fl!)5'y-»-r WiTNi S*Mc±J«5frfcl/T*fc 

3 

3 

[0122] #Hag#!llC33^\T». DCT**NJ>3VT IST'f 2^Iil4i:L 

T 0>NiJg £4 4 nm^ M l/fc, «£ot,P MMOSFETM it C It* 7 - h&fe BM 3 ± 
T* H" 66nm 0>NiH <Sgl*JRim2fcLT <7>Nilg <7)JM »22nm Tt&'-K f&2&M 
m 14 fc LT<7)NiBI <75$|Jp »44nm) # 5" Y+M K* a & JS 0> C*t L/C, NS 

MOSFETtttf C£ it*^- N&i&iBi 3 ±T?»1£* l&ltJB 1 3 ©Tfl)il4II 1 2 
fc UTODNiJK (KJ?»22nm) a)*/r v'^'T ^ D RjSCS%t%. 

[0123] & tc, y- ^iStK3 ±<D#>j=/'Jzi>m4 nmi&mmi2Rzf&2&mmi4 s^-j 



WO 2006/001271 19 PCT/JP2005/011331 

[0124] Mfigfljcas^TBs v— T.^sis-o&WLmstzBf&zftrvzS/'J-v^ Mil Ofc, 
^^tiT^v^-r hsi o<rcov , j+j--<i< , < !> Tiv | j+»-'i'Kr-a9titf, ^^ifUM 

[0125] COlftfeStCfe^.NMMOSFET^i^lza^Ttt, 22nmtf>3gl£gJMl2 fcUT 
0>NiJBIfc4 Chm<7)7jWJzi>Jg|4 I/O*- HABMS W.t&T'z/'J+t'f K^U 

,PMMOSFET^ltt:aUTa:,66nm0NiMl2 % 14 fc4 (hm<&7]WJ::>IS4 t 

[0126] £*ltZ<MJ, m4m> tC^"r*^CNMMOSFETM^lC^^'^*^- s ^®19* r v 

PMMOSFET^fi£Cd3t^B7-sm®2 Oyjg^«tl*o 
[0127] PMMOSFET^UtT*t*I^UMJP0)* , Jv l JD>^4(C*f UT^T'SSNKDatf 

^<**tfelZ,NMMOSFET^i^<DNiv , J-9--l' WT— K»«19*y*,NiG>M/r 

[0128] S5»,Niv , ^^KTO#3iSFnffitcait%Xj^0^ya^)Ra*^7^- K^^Ul 
SL (RBS) (DiSiSS ZH< T» JB H "Pftft . 

[0129] 05 *HS£0iJ C«lt*Niffll©«ffCj3^»» NMMOSFET^it 

©NiC/W^W-hMlgBNiSi*— *a"?* y »Ni/^sri+Si)ta«H;Btt a 5 
T*«ot. JinCt* l/T, PMMOSFET^Jt0Niv'J-t'f W — hW.M2 OBNi Siffl 

3 

^^XDNiSiffltroS-^fflT-ajy^Ni/ (Ni+ Sj)$l$c£b B#*J 0. 75T-$-d£« 
[013 0] t,|ft^aiZ^t^5> , - , ^'<^ a ^J ; S:L^^^t^^J^NiMl2 > l4&tfTiN 

«13B» t\T, ^i«^I#>^a^4Ufc. 
[0131] ±1B0)#II«1 L/T, y-MSl9, 2O0*J«B*"ofc<«**ttfc#-3 
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[0132] &±<D<mf.T.m*m*ZiilZ*V, 04 0) C^-r^C.NMMOSFET^^Pg! 
MOSFET^ai:T'iSs§^ik<7)^^c>tNi7;Uv'J-y--<Hm©19, 2 OS^OCMOsF 

[ 01 33] a 1 <Z7j< T?* * IZ, Nr>'J-* •< H<7>^ SSffi « , # 'J v 'Jzi >jg|4 _h C*t 15 UtNiJS <BlP 

t&t>&. 7ji [ J~, , Jn>m4 tl*Ni 0)1 CIS U*T , ft Pg W C3i 

[0134] [^1] 





T Nl /T Si 


0. 3 3 


0.6 7 


1 . 2 0 


1.80 i 


T ~ — yUfflft 
(« ft) 


6 5 0 


N i S i 2 
+ N i S i 








6 0 0 


N i S i 








5 0 0 


N i S i 


N i S i 




N i S i + 
N i 3 S i 


4 5 0 




N i S i 




N i S i + 
N i 3 S i 


4 0 0 




N i S i 


N i S i 


N i S i + 
N i 3 S i 



[0135] #& mm » * 09 * # v NMMosFETffl mm t uxNisiffi t x * c » % y — 

^'^^□>JSWjp*(T ) ^NiJR (T )<Dit(T /T ) «o . 5573, M 0. 950)15 ffllC 

s > N > N > S > 

N ' Si 

[ 0136] fc£ U Nisi 2 « hfc* tt« , NiM 0)111 (T n ) «T n /T. #0 

[0137] *6tC.Niv'^^hWtt*il3&^^-r%Ni/^Ji+Si)^tt x Nisi 2 . Nisu 

Ni SK Ni SiKznmMite £«MJ»13T SB&£teC2*$*fc&, Eir&fiaffl«*t%( 

2 3 

IP 5, S l*t» HIS *>) Cfctf TSfcNiJl OJftRM ^v'^-C ^ a ag^ £<D 
7° □ 0) ^—5? < . SI it ^□•bT.CD/X <» ft* T'2* 0 

[0138] et±<D*^t:LT,NMMOSFET^^tPMMOSFET^^tT*Niv l -'+f'j' H=gy 
- MBS fc 1/^ *i — £fc H & ^ P MMQSFETffl Ni-> 'J+f- -< 
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w - m m a>mm iwmmos fet Ni s s w 4 w — *mm * ««. n ^ffi *t si 
[0139] seB^njdtfflic&oTNiv'J+M Ky-KM©t§«**d»u y-«i^3 
ty- i^mjE (v) to m% ut^77T-»*. 

[0140] 061ZB, y-h7K'Jv'^>IS0)»*(T ) tNiK (T ) <Dik (T /T )#0.33,0 

s . N i N ' Si 

. 67, 1. 8 0T*35%^£<DC-Vfti^#^£*lTtv&o lZ^-r«fe 5 lC.T /T O 

N • si 

[0141] 07 b. 7^«/^ , f>KSJE*6mafcottt»ii^tNr> , -'-y-'r Kf— i*M«>fflj* 

[ 0142] 07 IC^ Ufc3f@ <7>£ "T^Ni/ (Ni+ Si)*fi/£ 6^*VT ttNiSi,,, Nis 

- hmffiOja^lk C*tiS L/C, HfSiONM-tONiv'J+M \«Di±m m®.tr&.l£-oT 
Cfc* *>#«. fttt & Ctt, NiSi 2 T-«tt 9 B<64 . 4eVt& V % NiSiT'B-ft 
$^M4. SeVt&^Ni SiT'Btt9gS3&B&)4. 8eVt&*. 

3 

[ 0143] 08 CMOSFET<D UHMISE (Vth) tft^Tttti t<7) Z^?? 

[0144] ±52B L/t*^^-tt9ll^*6^T-S*CMOSFET<75U$^^ffi(Vth)<7)^H 
B.^-v^u^ttMC** UT, 08 0)** C&So T*t>6»Nisi(tt»M»B*?I4 
. 5 e V) ^\BNiSi 2 (ft V B&*)4 . 4 e V) ft Sfc*Ni v •>» «f W— Km® BN 
MMOSFETtCNi Si(tt9H&B&)4. 8eV) tfSfcfcNiv'JtJ-'T W-Mffi»N 
MMOSFET CM ffl Cfctf T'#2> Cfctf 

[0145] ^B^NiSi^-^MfcUfcNMMOSFETCfctt* fy,'(>W.m<D J f — KEE 
tt#tt**W7T$«, SI 0B,NSMOSFETCfe»%S^£fflgfcHam 
|jt©3Sg t© 19^ S^v Ut^7 7T-$%. 

[ 0146] 09 C^Sft* NiSi 3 ^— ^ffi t UtNMMOS ^>y^5!© IsZ^MM 

EE (Vth) B 08 Cfc^T^S * tit L*l,MB*E (Vth) t^^oflf fcfc 0 T^*. 

[0147] *6lC, 01 01Z^«*U>J^C, ^>v7s^<7)^^'JT^aiefepoly-Si/SiO 0 
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[ oi48] «. ±* *n$s$i x-m utNisi-r- tHfsioN^ - tsa ^ 

tt*> Ci: y » tit N5>5?*5r#tt ct^r 

Jt««l 

[0149] Him, 3e«6«lC»T*tt««l©KffiBT«*. 

[0150] Himt:*TJt««iu:«t^i*» NftlMI 3 s**ilfcLx 

[ oi 5 1] y - hift *« 3 <djb« *t? ttstjs^a 1 1 s L?xs «njfi u * v > w&m 

Kite «jr nnsifcst it-rtc, tf 1 ^ -Km® 21, 22 c-nyf^ut 

o 

[0152] *0)'4k. MflllfcHl^SfcW— hffl«7*JB/8U V-*-Ku-Oftl*Ji8<DJB 
ricf&lcy — 2 2 07H'Jv , ^>lZfe^M^«i£iiUto aAltt.NlMo 

S FETffl # 'J v y=I >Mm 2 1 IC » 'J >(P ) *3 El 5 (c m~ 2 ) » P MMOSFET/S * 'J v 'J 
□ >H®22 (B) £3 El 5 (cm -2 ) fcl/fco 

[ 01 5 3] ^ M « bt '4k » S» « 1 fc TO ro Kr=g c«fc *J » V-7. • Hu-r >«£ 

fjC®8RCJt7H'-'v , -'Zl>y-KSS21, 2 2tZNiV'J^-<l<€^ Lfco C<7>*§£a>y- 
SM21, 22±<7>Ni^^H»'7 e -M&i&iJBt3 CBiiUT^*l,\. 
[0154] Hl2», C<7)^^tZUT#g!Uttb^e!mt:felt*PMMOSFETO^-l>#M(C) 

hmjE (V) 45 14 x-«%. 

[0155] y-Km*S21, 22C*'»'J3>«ffl M©fflZ & C*K &f£« 

[0156] S9<D77^/Ky\>hSff^6*«>6n*. 7- mmm cHfsiONSffl t^fc^ » 
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Tfc^PMMOSFET<DU€^<imE(Vth)#'-l. O^S- 0 SVg&^ASfc 

Jt $&0!I2 

[0157] @1C^ Lfcft*0!€Hi60!ll lc*fr*Jt^^!l2 tLTffl ^\*. 

[0158] ttttmcfc^TB, BHC*TT* 9 t»y-Hft»«3U:^yD>j»»-' 0 i»«ffl^ 

[0159] y-N&l§&3 tUT3nm<7>^^^IK€ffltV HSS0O1 ^«&#>£T-E|4 (g) <7) 
« Pg £ T*^§! % y - 'J v > IZ^M m & A tStt ^7 - —Jl ttr » A 

[0160] ^All^:, l J>(P)Stf*')g(B) tfclZ, 0J5M5E2O(cm~ 3 ) fcfcSJ^lZ^*** 

i+toT /t = o. 55 t.**Ni&nmwinmvj3 5k-emi* m&4 s cm. 2 

N > S » 

[0161] S13 B, PaS^NMMOSFET0)C-V4$tt^6#^SiO 2 K±<7)NiSiS^^ 
tt* ^HfSiONM ±<7>NiSiM<7>tt» HfK l<-Xitt#tt «^ 

[0162] ^tt1»7C*fcf<-X**ft**£:tC*U»4.4»S4. 7eV<&® il'tt» «S 

C**J % MffiS^fcHBB &*<DCMOSFET0©jg«»fcA,fc'£ 
MT%£fcfc< N L^t^SE (Vth)(D$iJffl) C«*lfc^5tj|,y— hCMOSFETSfESS 

[0163] fc£U cns©tt*By-hjft»«CsiO «ffl^*:*^"^* y »'5' , - |sy --^*3ll 

[ 01 64] cfl) nfl *» ft t % fc » , R 09 2 0> ? - HSfe JtK 3 H SS 00 1 Tit « Ufc^ 

>^^< D K±lc:HfsiON€S/S Ut«Jft CftiLfcJSMfMI Ufc. 
[0165] H13 lc^T<**lc, l«-XMC*St'»HfsiONffll±«>NisiM«>tt*Bia»4. 

s e vt? - s t * y , HfsioN^ ± t* »Ni si * <& ^ « i& *tt ^ is& «$y # -r * c 
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3JU^t>->^lC^-&PMMOSFET0>iSt\L/S^^€0. 1VM U#afc#"T 

* cttf T-s-r » ffi « 16 #cmos T*^ * * *i* U* vM «t« T * c » M sfc ^ 

[0166] *ftw<Dnmmzm*ni,fc# . *&w&±&nmmizmmzft%*><DT'& 
s^w-r^cffl ^\**«7c*<Dja^i*B» mtmc&i,vc«,i£'<£:*»c:* y— * 

+J- I* k * C t# T- € =b tl "3 & # If M t * tl * # ^ # if „ * tl r *l <7> v 'J "9- -f 

a>fcbJH«*§*;:fc*r wait**. «*ar,'iKfiT»a>^ , -»-9-'r K"i*-Hlt**«T«-DT 
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[1] 5/'JD>a«t, aiB^ , J3>»*±t}Brt*nty-l4ft»M<:»lirHBy-K|ft*« 

m&'f-mmmtr,&mm< a va,&m : >'<j'r-K $t»^iit^u<B* 
aTBey- mm<r>'j>*<t*,mi&?- mmm iz&?*mmo>mi&ir , Mxsi ( o 

1— X 

<x<l)T-^*tl*^SM<75v'J-9--< t^i^^tU 
= 0. s T«*£fc€4$«fcT* 

w mib net e*ifctftBt ^Hf^ t »zr a cfc«$« fc-r*» * a>ss mm * cbe 

[3] WHB»»«*lft»«tMIBy-K««tO)HltHf*fcBzr«*€JiB**-9-*Cfc 

* fflS 1 JlCfB« Bo 
W MlBBSim^Sfei^lg^, ^□>«rRK*.L<B5/YD>M< Q Mfc»Hf&U<Bzr 
t?JR t<7)^jg *& -e** «4$ft * 0)® BIS 1 * CIS® <75 

Bo 

[5] mib KB mmmmm trnf&cp* ts * <*>ss am i « ccie® 

[7] mBnmnmt&mmv . ^ , Jn>»-' a iifcU<B^ , -'3>KH^«fc,HfsioNJ»t 

[8] b5IE£JKM«\ K/n-fe** RrUIT**5''J1t-r H«Jg* Ui%£JlT-<&% 

^fc*««kT*»3^©*H«ISiJi«S«73S©firti*-3S lz!B«a>¥«tti£B. 
[9] »IBMM/r-^|,(Ni)-C»*ik«1*«fr*»#«>*BI*l3l»S*7*© 

CI Ql miB^SM^-.y7-jU(Ni)T-^v'^-<hW5, HE^- HSfe^M 
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i$a>&Bj$#Nixsi ( o< x <d x-a^n* ts, p5 L ^j| / ±<7)y- mm (C-£$ft 

1— X 

3 

lC^^tl*MlBv l J+J--<Ky,ii>^<tfeBirfB'y-^^Jg C&"t*fa££Cd3^\T\N 

2 

[12] S^d M!Bv'J=i>M±CJBj££;h.£7- N&llt mrta^- NBfe# 

3 

[14] WIBK»«*lfe»M^Hf*fcBzr^€JCfc*4$afc-r*i!*©«H»l33lU: 
[15] WlBJtR«*lft»KfcfiaiBy-KMtfl)HCHf*fcBzr«^ti % fll*W"r*ilt 

«4$& fc-r*» * wis sift 1 3 m izmm i. 
[i6] m&mmmmmmmtr. -> ^ >t <D it i<Bv^>i}i^i t, Hfb i<»zr 

[n] if ih mm mmmmm ^h^on ©is mm 3 ji cia 

[i8] mis mm nmn&mm m&, ?- mm n tcHfsioN® -tzztznm t 
[19] M&mmmmmimm# » v^>gMfcBtfcU<»v^>g!g' a m<HfsioNj§fc 
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a>«»*jtT«*^fc««a fcT*BI#fl>* 81*13* CiB«©¥W*»ll. 

i] ®m?-mmm±iz&f&s>*/<Jn>(Poiy-si)zmmu mis ^j&sss 

RjS ITv'^'f l«LW CM IB 7- NfettK C«T*«tta>fflJ»;jrMxsi (0 

1— x 

. 5<x<l)fcfc*«fc**MJ*tlfcUn^**JU**±Cfc^T» % ^^SSv'^>t 
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